Software, for the tidal oscillation and current in the Gulf of Tonkin (GT) are presented . The model was tested as follows : i) the observed values of the four main tidal constituents M 2 , S 2, K i, 01 at the 44 coastal stations and islands were compared with computed ones; ii)
Introduction
Up to now, in Vietnam, tidal regime for the Gulf of Tonkin (GT) has been studied and simulated by many authors. In the Gulf, there exist six national tidal stations measuring tidal oscillation: Cua Ong, Hon Gai , Hon Dau, Cua Hoi, Cua Gianh and Cua 1\mg. However, research results on tidal current in the region are limited. Very few comparisons between observed tidal currents and computed ones had been done for GT.
There exist several 2D models (4] The t esting for the simulation of the tidal oscillation and current s has been made. The results of testing show a good agreement between the available data and computed values and therefore we can use this model for simulation tide level and current of GT [5] .
Soine results of usipg this tested numerical model in GT:
• the major harmonic constituents M 2 , 82, K 1 , 0 1 for tidal level and current,
• the tidal elevation and current pat.terns,
• the extremal values of the tidal level and current [6, 7] will be published later.
Basic equations, initial and boundary conditions
In order to simulate the tidal regime in GT, TIDEFLOW-2D software is used. The basic equations for ,,the software are the following two-dimensional nonlinear shallow water equations:
Conservation of mass az a a
Conservation of momentum au au au az [1og10(14.8d/ks)J-, here ks is roughness length (m).
• At t = 0 an eqllilibrium is assumed.
•For the solid boundary: u = v = 0.
• At the liquid boundaries water levels are prescribed as follows: + Quynh Chau Strait +GT Month Cross Section. This distribution was obtained by CMESRC thanks to the tidal simulating of the South China Sea [2, 3] , and calibrating with some data resources of field survey at the Gulf Mouth Cross Section. The bathymetry for the simulation was compiled by many maps and given by the Data Bank of GIS department of CMERSC.
In using TIDEFLOW-2D software, patching technique has been applied. According to this technique, the computed region can be divided into areas of difference grid size. The size of the fine grid is three times less then the adjacent coarse one. In this way, we can choose desired space size of grid for the simulated area and it equals 1/ 3n the size of the beginning course grid, if number of patching times is n. For instance, if we need to make 100 m for the space size of the finest grid and will do 4 patching times , so we need to take 8100 m for the beginning grid size.
The model testing 3.1. Comparison between computed and observed harmonic constituents
Values of the fmJ.r main tidal constituents M 2 , S 2 , K 1 , 0 1 at the 44 coastal stations, and islands were compared with computed ones. The result of comparison is given in Table 1 . We can see that the errors of the comparison at majority of the stations are acceptable not only for amplitudes but also for the phases of the four cons ti t1 ients.
Comparison with Tide Tables
Computing for the tidal level in GT has been carried out at any moment of the year and in any monthly period. The computed tidal levels was compared with the correlative ones in the Tide Tables at the six stations: Hon Gai, Cua Ong, Hon Dau, I  0  21  17  29  54  45  335  -78  -38  -I  -22  6  3  0  7  -5  -7  -6  -29  -30 Cua Hoi, Cua Gianh and Cua 'I\mg. The results of the comparison are acceptable. Fig. 1, Fig. 2 • .. 3  5  7  9  11  13  15  17  19 21  23  25  27  29 Tables and computed tidal level at Cua Ong in December 1994
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Comparison with observed data
The software had been tested also by comparison between computed results and the data observed by ·CMESRC since 1993 up to now. Tlie data series are observed tidal levels and tidal currents measured continuously for 1, 3, 5 or 7-days periods. For GT, the comparison between computed tidal levels and observed values was carried out at about 10 stations. Nevertheless, it was done for tidal current at nearly 20 stations located along the coastal zone of GT. The figures, from Fig. 3 to Fig. 8 , are examples of the comparison. Satisfying result for tidal regime comparison shows high simulation ability of TIDEFLOW-2D. However this remark denotes also high reliability of the CMESRC's observed data. 
Conclusion
The numerical model based on TIDEFLOW-2D for the tidal levels and currents for the Gulf of Tonkin was established and tested carefully. The testing results show a good agreement and this model can be used for simulation the tidal movement in the Gulf. Results of such like simulation will be published later.
The paper was accomplished partly thanks to the National Project: "Basics Studies on Marine Hydrological Problems for 1999 year KT.04-3 .2.4".
